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(57) An engine (1) of a hybrid vehicle that is to be 
preheated before being started is connected to a heat 
accumulator (11) that stores a portion of a cooling water 
that is kept warmed. During cold start of the vehicle, 
when a temperature of the cooling water in the heat ac- 
cumulator (11) is equal to or higher than a temperature 
of the cooling water in the engine (1 ) by a preset amount, 
the cooling water kept warmed in the heat accumulator 
(1 1 ) is fed into the engine (1 ). The motor (4) is driven to 
operate the vehicle until the engine (1 ) is sufficiently pre- 
heated. 
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Description SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001 ] The invention relates to a hybrid vehicle that is 
driven by any suitable combination of an internal com- 
bustion engine and an electric motor, in view of saving 
of energy resources and environmental protection, and 
in particular to such a hybrid vehicle with improved en- 
gine revolution performance and improved emission 
control at cold starting of the internal combustion en- 
gine. 

2. Description of Related Art 

[0002] It has been proposed to temporarily stop an in- 
ternal combustion engine of a vehicle, such as an auto- 
mobile, during an operation of the vehicle, for the sake 
of savings of energy resources and environmental pro- 
tection, when certain conditions under which the engine 
is allowed or desired to be temporarily stopped are es- 
tablished. In fact, this technology has been implemented 
in some types of automobiles. The conditions for tem- 
porarily stopping the engine may be established when, 
for example, the vehicle stops at a red traffic light, or the 
vehicle stops or travels at a considerably low speed be- 
cause of a traffic jam, or the like. 
[0003] The above-described technology of temporar- 
ily stopping the engine may be employed in a hybrid ve- 
hicle including an engine, an electric motor, a generator 
and a battery. In the hybrid vehicle, power can be trans- 
mitted among the engine, the motor and the generator, 
and the motor uses the battery as an electric power sup- 
ply. The hybrid vehicle may be driven by one or both of 
the engine and the motor. Namely, the hybrid vehicle 
runs by means of a selected one or both of the output 
of the engine and the output of the motor. Furthermore, 
the generator is driven when appropriate by utilizing one 
or both of the output of the engine and the inertia of the 
running vehicle, so as to charge the battery. A known 
example of a hybrid vehicle is disclosed in Japanese 
Laid-open Patent Publication No. 7-255104. 
[0004] The aforementioned hybrid vehicle is driven by 
starting the engine that can be stopped temporarily dur- 
ing operation. The structure of the hybrid vehicle as de- 
scribed above is based on a general concept of the hy- 
brid vehicle that is essentially driven by the engine but 
can be partially driven by a motor that assists the engine 
in driving the hybrid vehicle. In the above-structured hy- 
brid vehicle, when start of the engine is required again 
to drive the vehicle, the engine in a stopped or a cold 
state has to be warmed up as quick as possible for re- 
suming its normal condition. 



[0005] On the other hand, the hybrid vehicle also can 
be started by the motor alone, even if the engine is in 
the stopped state. Accordingly the hybrid vehicle may 
be structured so as to be driven by starting the motor 
instead of the engine. If the engine is sufficiently pre- 
heated before driving the vehicle, the engine can be 
smoothly operated and accordingly, emissions of harm- 
ful components in the exhaust gas during cold start of 
the engine can be reduced. 

[0006] in view of the foregoing characteristics of the 
hybrid vehicle, it is an object of the invention to provide 
a hybrid vehicle with improved revolution performance 
and emission of the exhaust gas during cold start of the 
engine. 

[0007] The foregoing and/or other objects are 
achieved by a hybrid vehicle including a power train in- 
cluding an engine, a battery and a motor, and which is 
selectively driven by at least one of the engine and the 
motor using the battery as a power supply. A heat accu- 
mulator holds at least a portion of a cooling water of the 
engine to be kept warmed. A pump feeds the cooling 
water held in the heat accumulator into the engine. An 
engine starting unit includes at least one of the motor 
and an electrically operated starter, a key switch that is 
turned on by a vehicle operator during operation of the 
vehicle, and a power supply controller that brings the 
motor into an operating state for driving the vehicle in 
response to turn-on of the key switch, and starts the en- 
gine. The power supply controller operates the pump to 
feed the warmed cooling water in the heat accumulator 
into the engine upon the turn-on of the key switch, and 
operates the engine starting unit to start the engine upon 
an elapse of a predetermined time period after the 
warmed cooling water in the heat accumulator starts be- 
ing fed to the engine. 

[0008] In the above-constructed hybrid vehicle, the 
power supply controller is operative to actuate the en- 
gine starting unit when the cooling water in the engine 
reaches a predetermined temperature through an oper- 
ation of the pump. 

[0009] According to another aspect of the invention, 
the power supply controller is operative to actuate the 
engine starting unit upon detection that an operating 
amount of an accelerator pedal is equal to or greater 
than a threshold value even before the cooling water in 
the engine reaches the predetermined temperature or 
before the elapse of the predetermined time period that 
is estimated to be required for the cooling water in the 
engine to reach the predetermined temperature through 
operation of the pump. 

[0010] According to another aspect of the invention, 
the power supply controller is operative to actuate the 
engine starting unit upon detection that a state of charge 
of the battery is equal to or less than a predetermined 
threshold value even before the cooling water in the en- 
gine reaches the predetermined temperature or before 
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the elapse of the predetermined time period that is es- 
timated to be required for the cooling water in the engine 
to reach the predetermined temperature through an op- 
eration of the pump. 

[0011] According to another aspect of the invention, 
the power supply controller may be operative to cancel 
an actuation of the pump to be performed prior to driving 
of the engine starting unit when a state in which a tem- 
perature of the cooling water in the engine does not 
reach a predetermined temperature repeats a predeter- 
mined number of cycles after an elapse of the predeter- 
mined time period that is estimated to be required for 
the cooling water to reach the predetermined tempera- 
ture. 

[0012] As described above, the hybrid vehicle is driv- 
en by operating at least one of an engine and a motor 
using a battery selectively as a power supply. In most 
types of the aforementioned hybrid vehicles, an output 
required for the vehicle just after starting may be derived 
from the motor by itself. In the case where a cooling wa- 
ter temperature in a heat accumulator is higher than a 
cooling water temperature in the engine by a predeter- 
mined degree when a key switch is turned on, the pump 
is actuated to feed the cooling water in the heat accu- 
mulator into the engine such that the engine is pre-heat- 
ed and then started by actuating a drive unit for starting 
the engine. More specifically, the engine can be pre- 
heated by the heat accumulated in the heat accumulator 
before starting the vehicle so as to realize smooth en- 
gine operation by reducing the viscosity of an engine oil, 
and reduction in emissions of harmful unburned compo- 
nent such as HC and CO by making the fuel in the cyl- 
inder more combustible without deteriorating an output 
performance of the vehicle. 

[0013] In accordance with an aspect of the invention, 
the power supply controller serves to operate the drive 
unit for starting the engine even before the cooling water 
in the engine reaches the predetermined temperature 
or before an elapse of the predetermined time period 
that is estimated to be required for the cooling water in 
the engine to reach a predetermined temperature. As a 
result, an effect for preheating the engine by means of 
the heat accumulator is maximized while minimizing the 
delay in starting the engine. 

[0014] However, according to one aspect of the inven- 
tion, even before the cooling water in the engine reaches 
the predetermined temperature, or the elapse of the pre- 
determined time period, the power supply controller may 
actuate the engine starting unit immediately after detec- 
tion that a state of charge of the battery is equal to or 
less than a predetermined threshold value. Accordingly, 
when the state of charge of the battery is insufficient, 
that is, the motor by itself cannot supply sufficient power 
to satisfy the required vehicle output, the power supply 
controller is allowed to start the engine immediately by 
temporarily canceling preheating of the engine by the 
heat accumulator. 

[0015] According to another aspect of the invention, 



the power supply controller may be constructed to can- 
cel actuation of the pump to be performed prior to driving 
of the engine starting unit when a state in which a tem- 
perature of the cooling water in the engine does not 

5 reach a predetermined temperature repeats a predeter- 
mined number of cycles after an elapse of the predeter- 
mined time period that is estimated to be required for 
the cooling water to reach the predetermined tempera- 
ture. Such construction is capable of preventing the de- 

io vice for preheating the engine from deteriorating the ve- 
hicle performance in case a failure occurs in the heat 
accumulating system, including the pump. The prede- 
termined number of cycles may be set to at least one, 
as well as to any number, so long as the function of the 

15 preheating device is not deteriorated and the failure oc- 
curred in the system is overcome. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0016] The foregoing and/or further objects, features 
and advantages of the invention will become more ap- 
parent from the following description of preferred em- 
bodiments with reference to the accompanying draw- 
ings wherein: 

25 

Fig. 1 is a view schematically showing the construc- 
tion of a power- train system of a hybrid vehicle ac- 
cording to one preferred embodiment of the inven- 
r tion; and 

30 Fig. 2 is a flowchart illustrating one example of driv- 
ing control at cold starting of the hybrid vehicle ac- 
cording to the invention. 



35 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



[0017] Referring to the drawings, an embodiment of 

the invention will be described in detail. 

[0018] Fig. 1 schematically shows the construction of 

40 a power-train system employed in a hybrid vehicle ac- 
cording to one preferred exemplary embodiment of the 
invention. In Fig. 1 , an internal combustion engine 1 is 
operatively connected to a generator 3 and a motor 4 
via a drive coupling device 2 including a planetary gear 

45 set, such that power is transmitted among the engine 1 , 
the generator 3 and the motor 4. The engine 1 , the drive 
coupling device 2, the generator 3 and the motor 4 con- 
stitute a drive assembly for driving the hybrid vehicle. A 
transmission 5 is coupled to the drive assembly via a 

50 shaft of the motor 4. In operation, power is transmitted 
between the drive assembly of the engine 1 , the gener- 
ator 3, and the motor 4, and drive wheels 6a, 6b of the 
vehicle : via the transmission 5 and a pair of driving axles 
7a, 7b. In the embodiment of Fig. 1 , a differential gear 

55 system 8 is incorporated in the transmission 5, such that 
power for rotating the wheels 6a, 6b may be differentially 
transmitted to the driving axles 7a, 7b via the transmis- 
sion 5. 
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[001 9] A battery 9 is electrically connected to the gen- 
erator 3 and the motor 4 via an inverter 10. The gener- 
ator 3 functions to charge the battery 9 by generating 
power when the vehicle is driven by inertia (i.e., during 
coasting) or by the engine 1 during deceleration. The 
motor 4 functions to drive the vehicle as needed, using 
the battery 9 as an electric power supply. While the gen- 
erator 3 and the motor 4 are separately provided in the 
embodiment of Fig. 1 , a so-called "motor/generator" as 
an integral device may be employed in place of the gen- 
erator 3 and the motor 4 as is well known in the art. The 
motor/generator selectively functions as a motor or as 
a generator, and the function of the motor/generator 
may be changed through switching of an electric circuit 
incorporated therein. 

[0020] A heat accumulator 1 1 in which a cooling water 
is fed from the engine 1 and kept at a constant temper- 
ature is connected to the engine 1 such that the cooling 
water can flow between the heal accumulator 11 and 
the engine 1 via a pump 12. A capacity of the heat ac- 
cumulator 11 may be determined in accordance with an 
environment in which the vehicle is operated such that 
the advantageous effect of the invention as described 
below can be maximized. A catalytic converter (not 
shown) using a three-way catalyst may be provided in 
an exhaust system of the engine. The catalytic converter 
does not function appropriately to purify harmful com- 
ponents such as NOx, CO and HC contained in the ex- 
haust gas until it is sufficiently warmed up at a predeter- 
mined or higher temperature. It is, thus, preferable to 
reduce the time period for operating the engine in a cold 
state to as short a time as possible. 
[0021] An electronic control unit (ECU) 13 functions 
to control the engine 1 , generator 3, motor 4, transmis- 
sion 5 and pump 12 in a manner as described below 
such that the hybrid vehicle of the invention can be op- 
erated. The motor 4 may be operated to start the engine 
1 . In addition to the motor 4, a starter for starting the 
engine may be provided. The ECU 13 receives signals 
concerning the operation of the vehicle indicating a de- 
pression amount of an accelerator pedal Dp, a vehicle 
speed Sv, a temperature Te of the engine 1 , a temper- 
ature Ta of the heat accumulator 11, and a state of 
charge Cb of the battery. 

[0022] Referring to the flowchart shown in Fig. 2, an 
operation of the above-constructed hybrid vehicle as 
shown in Fig. 1 will be explained. The flowchart shown 
in Fig. 2 covers a number of possible-control routines 
for the hybrid vehicle according to various aspects of the 
invention. Accordingly, all steps of the control routine are 
not always required to achieve the invention. The step 
(s) that can be omitted will be identified as needed. 
[0023] Upon start of the vehicle by turn -on of a key 
switch (not shown), the control routine starts from step 
S10 in which the motor 4 is started in response to an 
instruction of a vehicle operator (the instruction for start- 
ing the vehicle), and then the motor 4 is brought into an 
operating state for driving the vehicle until the engine is 



started to have a full combustion. In step S10, the cool- 
ing water temperature Te in the engine and the cooling 
water temperature Ta in the heat accumulator are read 
as data. 

5 [0024] Then in step S20, it is determined whether a 
flag F is set to 1 . The flag F is reset to 0 by an overall 
control routine on a regular basis each time the control 
cycle is started. Therefore, the flag F is expected to be 
set to 0 at a timing when the process proceeds to step 

to S20 after starting the control routine. Accordingly, the 
determination in step S20 is NO, and the process pro- 
ceeds to step S30. 

[0025] In step S30, it is determined whether the en- 
gine cooling water temperature Te is lower than a tern- 

15 perature derived from subtracting a predetermined tem- 
perature AT from the accumulator cooling water temper- 
ature Ta. If YES is obtained in step S30, the process 
proceeds to step S40. The predetermined temperature 
AT is used to indicate whether the engine can be 

20 warmed up by feeding the cooling water in the heat ac- 
cumulator 11 into the engine. If NO is obtained in step 
S30. indicating that the engine cannot be sufficiently 
warmed up by feeding the cooling water in the heat ac- 
cumulator 11 into the engine, the process directly pro- 

25 ceeds to step S70 rather than proceeding to step S40 
and the subsequent steps for preheating the engine so 
as to start the engine. 

[0026] In step S40, the pump 12 is actuated to feed 
the cooling water maintained at a constant temperature 

30 in the heat accumulator into the engine 1 . 

[0027] Then in step S50, a preheated cooling water 
temperature T1 is calculated on the basis of the temper- 
atures Te and Ta read in step S10. The temperature T1 
is obtained as a value indicating the cooling water tem- 

35 perature in the engine 1 that is estimated to be reached 
by feeding the cooling water at Ta from the heat accu- 
mulator into the engine 1 . 

[0028] The process proceeds to step S60 in which it 
is determined whether the temperature Te reaches the 
40 preheated cooling water temperature T1 . As the tem- 
perature Te is less than the value T1 at an initial stage, 
the determination in step S60 is NO. The process then 
proceeds to step S80 in which a count value C1 of an 
electronic counter installed in the ECU 13 is increment- 
's ed by 1 . The count value C1 is reset to 0 each time the 
control routine is started. 

[0029] Then in step S90, it is determined whether the 
present count value C1 reaches a count value C1 0. The 
count value C1 0 is used for counting a time required until 

50 an elapse of a time longer than the time that should be 
required for the cooling water temperature Te to reach 
the temperature T1 due to the feeding of a preset 
amount of the cooling water in the heat accumulator 11 
into the engine 1 . If the determination in step S60 is NO, 

55 even after the count value reaches C10, it is assumed 
that an abnormality has occurred in the cooling water 
feeding system including the pump 12. Thus, if YES is 
obtained in step S90, the process proceeds to step S1 00 
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in which another count value C2 is incremented by 1 . In 
step S110, it is determined whether the count value C2 
is equal to or greater than a predetermined count value 
C20. The count value C20 may be set, e.g., to 3 to 5, 
which is used to indicate abnormality only when step 
S90 determines NO a predetermined number of times. 
If NO is determined in step St 10 only once, an abnor- 
mality is not determined. Thus, if NO is obtained in step 
S11 0, the process directly proceeds to step S70. 
[0030] If YES is obtained in step S110, the process 
proceeds to step S120 in which the flag F is set to 1, 
and then an alarm, such as an alarm lamp, is placed ON 
for indicating the presence of an abnormality. This state 
of the flag, i.e., F=1 is stored as well as the ON state of 
the alarm even after the vehicle operation is stopped. 
Accordingly the determination in step S20 will be YES 
when the vehicle is started the next time. As a result, 
the engine preheating operation by means of the heat 
accumulator in step S30 and subsequent steps is not 
performed. 

[0031 ] The control routine from step S80 to step S1 20 
is desirable in view of actual vehicle operation according 
to the invention. However, such control routine is not es- 
sential in view of the scope of the invention as described 
below and thus, may be omitted. The invention is intend- 
ed to actuate the drive unit for starting the engine after 
feeding the cooling water in the accumulator into the en- 
gine by a pump during cold start of the engine of a hybrid 
vehicle. The engine is warmed by heat accumulated in 
the heat accumulator before starting so as to decrease 
the viscosity of an engine oil for smooth operation. Ad- 
ditionally the fuel in the respective cylinders can be 
made combustible more easily such that emissions of 
harmful unburned components such as HC, CO and the 
like maybe reduced. The invention is capable of achiev- 
ing the aforementioned effects without deteriorating out- 
put performance of the vehicle. 

[0032] In an initial state in which the system is normal- 
ly operated, if step S60 determines NO, the determina- 
tion of step S90 is also NO. The process proceeds to 
step S130 in which it is determined whether an acceler- 
ator opening G derived from a signal indicating a depres- 
sion amount Dp of an accelerator pedal as shown in Fig. 
1 is equal to or greater than a predetermined threshold 
value 6 0 . The threshold value 6 0 corresponds to an 
opening of the accelerator pedal with a substantially 
great force, indicating that the vehicle operator requires 
rapid acceleration. If YES is obtained in step S130, the 
process directly proceeds to step S70 for starting the 
engine. 

[0033] If NO is obtained in step S1 30, the process pro- 
ceeds to step S1 40 in which it is determined whether a 
state of charge y of the battery drops to be equal to or 
lower than a predetermined level y 0 on the basis of a 
signal indicating a state of charge Cb as shown in Fig. 
1 . The state of charge equal to or lower than the prede- 
termined level Y 0 indicates that a battery output is insuf- 
ficient and, thus, an immediate starting of the engine is 



required rather than actuating the pump 1 2. Accordingly 
if YES is obtained in step S1 40, the process immediately 
proceeds to step S70. Only when NO is obtained in both 
step S130 and step S140, the process returns to step 

5 S60 in which sufficient amount of the cooling water in 
the heat accumulator 11 is fed by the pump 12 into the 
engine 1 until YES is obtained in step S60. 
[0034] As steps S1 30, S1 40 and the resultant control 
flow subsequent thereto are not essential in view of the 

10 scope of the invention, one or both of those control rou- 
tines may be omitted. 

[0035] After starting the engine in step S70, the proc- 
ess proceeds to step S150 in which the count value C1 
is reset to 0, and a count value C3 of another counter is 

15 incremented by 1. Then the process proceeds to step 
S160 in which it is determined whether combustion is 
completed in the engine. If YES is obtained in step S1 60, 
the process proceeds to step S170 in which the count 
value C3 is reset to 0. The control for preheating at an 

20 engine starting is terminated. The pump 12 actuated in 
step S40 can be operated during operation of the engine 
such that the-cooling water heated in the engine is al- 
ways fed into the heat accumulator for the next stoppage 
of the engine. In this case, the pump 1 2 is fully operated 

25 until all the cooling water kept at a constant temperature 
in the heat accumulator is fed into the engine after exe- 
cution in step S40. When all the cooling water held in 
the accumulator is fed into the engine, the pump 12 is 
operated at a low speed sufficient to maintain a gentle 

30 circulation of the cooling water between the engine and 
the accumulator. 

[0036] Step S160 determines NO until completion of 
the engine combustion, and accordingly, the process 
proceeds to step S1 80 in which it is determined whether 

35 the count value C3 exceeds a threshold value C30. The 
threshold value C30 is set to a value corresponding to 
a time longer than the time estimated to be taken for 
complete combustion in the engine with no abnormality 
after starting. If NO is obtained in step S1 80, the process 

^o returns to step S150. If YES is obtained in step S1 80 in 
the state where combustion has not been completed in 
the engine, the engine may not be started in a normal 
condition. In this case, failure in normal starting of the 
engine is indicated in step S190 : and an alarm is turned 

45 ON such that the vehicle operator is prompted to oper- 
ate the vehicle. This control routine, thus, is terminated. 
When the vehicle operator starts operating the vehicle 
again, the control routine starts from step S10. When a 
series of the control shown in the flowchart is terminated 

50 as a result of failure in complete combustion in the en- 
gine, the key switch is kept turned on. Then a push but- 
ton for restarting may be pressed. 
[0037] In the illustrated embodiment, a controller (the 
ECU 1 3) is implemented as a programmed general pur- 

55 pose computer. It will be appreciated by those skilled in 
the art that the controller can be implemented using a 
single special purpose integrated circuit (e.g., ASIC) 
having a main or central processor section for overall, 
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system-level control, and separate sections dedicated 
to performing various different specific computations, 
functions and other processes under control of the cen- 
tral processor section. The controller can be a plurality 
of separate dedicated or programmable integrated or 
other electronic circuits or devices (e.g. . hardwired elec- 
tronic or logic circuits such as discrete element circuits, 
or programmable logic devices such as PLDs, PLAs, 
PALs or the like). The controller can be implemented us- 
ing a suitably programmed general purpose computer, 
e.g., a microprocessor, microcontroller or other proces- 
sor device (CPU or MPU), either alone or in conjunction 
with one or more peripheral (e.g., integrated circuit) data 
and signal processing devices. In general, any device 
or assembly of devices on which a finite state machine 
capable of implementing the procedures described 
herein can be used as the controller. A distributed 
processing architecture can be used for maximum data/ 
signal processing capability and speed. 
[0038] While the invention has been described with 
reference to preferred embodiments thereof, it is to be 
understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, are also 
within the spirit and scope of the invention. 
[0039] An engine (1) of a hybrid vehicle that is to be 
preheated before being started is connected to a heat 
accumulator (11) that stores a portion of a cooling water 
that is kept warmed. During cold start of the vehicle, 
when a temperature of the cooling water in the heat ac- 
cumulator (11) is equal to or higher than a temperature 
of the cooling water in the engine (1 ) by a preset amount, 
the cooling water kept warmed in the heat accumulator 
(11) is fed into the engine (1).The motor (4) is driven to 
operate the vehicle until the engine (1 ) is sufficiently pre- 
heated. 



Claims 

1 . A hybrid vehicle, comprising: 

a power train including an engine (1), a battery (9) 
ar»d a motor (4), the hybrid vehicle being selectively 
driven by at least one of the engine (1 ) and the mo- 
tor (4) using the battery (9) as a power supply; 

a heat accumulator (11) that holds at least a 
portion of a cooling water of the engine (1) to 
be kept warmed; 

a pump (12) that feeds the cooling water held 
in the heat accumulator (11) into the engine (1); 
an engine starting unit that includes at least one 
of the motor (4) and an electrically operated 



starter; and 

a power supply controller (13) operative to start 
the engine ( 1 ) in response to a request for start- 
ing the engine (1), wherein the power supply 

5 controller operates the pump to feed the cooling 

water in the heat accumulator (11) into the en- 
gine (1 ) upon the request for starting the en- 
gine, and operates the engine starting unit to 
start the engine (1 ) upon an elapse of a prede- 

10 termined time period after the cooling water in 

the heat accumulator (11) starts being fed to the 
engine (1). 

2. A hybrid vehicle according to claim 1 , further com- 
15 prising a key switch that is turned on in response to 

the request for starting the engine (1). 

3. A hybrid vehicle according to claim 1 , wherein the 
power supply controller (13) operates the pump to 

20 feed the cooling water in the heat accumulator (11) 
into the engine if a temperature of the cooling water 
in the heat accumulator is higher than a tempera- 
ture of the cooling water in the engine (1 ) by a preset 
amount. 

25 

4. A hybrid vehicle according to claim 1 , wherein the 
power supply controller (13) actuates the engine 
starting unit when the cooling water in the engine 
(1) reaches a predetermined temperature due to 

30 operation of the pump (12). 

5. A hybrid vehicle according to claim 4, wherein the 
power supply controller (13) actuates the engine 
starting unit upon detection that an operating 

35 amount of an accelerator pedal is equal to or greater 
than a threshold value before the cooling water in 
the engine (1) reaches the predetermined temper- 
ature. 

40 6. A hybrid vehicle according to claim 4, wherein the 
power supply controller (13) actuates the engine 
starting unit upon detection that a state of charge of 
the battery (9) is equal to or less than a predeter- 
mined threshold value before the cooling water in 

45 the engine (1) reaches the predetermined temper- 
ature. 

7. A hybrid vehicle according to claim 5, wherein the 
power supply controller (13) actuates the engine 

so starting unit upon detection that a state of charge of 
the battery (9) is equal to or less than a predeter- 
mined threshold value before the cooling water in 
the engine (1) reaches the predetermined temper- 
ature. 

55 

8. A hybrid vehicle according to claim 1 , wherein the 
power supply controller (13) actuates the engine 
starting unit upon an elapse of a predetermined time 



6 
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period that is estimated to be required for the cool- 
ing water in the engine (1 ) to reach a predetermined 
temperature due to operation of the pump (12). 

9. A hybrid vehicle according to claim 8, wherein the 5 
power supply controller (13) actuates the engine 
starting unit upon detection that an operating 
amount of an accelerator pedal is equal to or greater 
than a threshold value before the elapse of the pre- 
determined time period that is estimated to be re- 10 
quired for the cooling water in the engine (1) to 
reach the predetermined temperature due to oper- 
ation of the pump (12). 

10. A hybrid vehicle according to claim 8, wherein the is 
power supply controller (13) actuates the engine 
starting unit upon detection that a state of charge of 

the battery (9) is equal to or less than a predeter- 
mined threshold value before the elapse of the pre- 
determined time period that is estimated to be re- 20 
quired for the cooling water in the engine (1) to 
reach the predetermined temperature due to oper- 
ation of the pump (12). 

11. A hybrid vehicle according to claim 9, wherein the 25 
power supply controller (13) actuates the engine 
starting unit upon detection that a state of charge of 

the battery (9) is equal to or less than a predeter- 
mined threshold value before the elapse of the pre- 
determined time period that is estimated to be re- 30 
quired for the cooling water in the engine (1) to 
reach the predetermined temperature due to oper- 
ation of the pump (12) 

cooling water in the engine (1) reaches the prede- 
termined temperature. 35 

12. A hybrid vehicle according to any one of claims 1, 
2, and 3, wherein the power supply controller (13) 
cancels an actuation of the pump (12) to be per- 
formed prior to driving of the engine starting unit 40 
when a state in which a temperature of the cooling 
water in the engine (1) does not reach a predeter- 
mined temperature repeats a predetermined 
number of cycles after an elapse of the predeter- 
mined time period that is estimated to be required *s 
for the cooling water to reach the predetermined 
temperature. 

13. A hybrid vehicle according to claim 1 , wherein the 
motor (4) and a generator (3) are integrated into a 50 
motor/generator. 

14. A method for controlling a hybrid vehicle including 
an engine (1 ), a battery (9) and a motor (4), the hy- 
brid vehicle being selectively driven by at least one S5 
of the engine and the motor (4) using the battery (9) 

as a power supply, the method comprising the steps 
of: 
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holding at least a portion of a cooling water of 
the engine (1) to be kept warmed in a heat ac- 
cumulator (11); 

feeding the cooling water stored in the heat ac- 
cumulator (11) into the engine (1) by a pump 
(12); and 

operating the pump (1 2) to feed the cooling wa- 
ter in the heat accumulator (1 1 ) into the engine 
(1) in response to a request for starting the en- 
gine (1) and actuating an engine starting unit to 
start the engine (1 ) upon an elapse of a prede- 
termined time period after the cooling water in 
the heat accumulator (11) starts being fed to the 
engine. 

15. A method according to claim 14, wherein the re- 
quest for starting the engine (1) is generated by a 
turn-on of a key switch. 

16. A method according to claim 14, wherein the pump 
(1 2) is operated to feed the cooling water in the heat 
accumulator (11) into the engine (1) if a temperature 
of the cooling water in the heat accumulator (11) is 
higher than a temperature of the cooling water in 
the engine (1) by a preset amount. 

1 7. A method according to claim 1 4, wherein the engine 
starting unit includes at least one of the motor (4) 
and an electrically operated starter, and the engine 
starting unit is actuated when the cooling water in 
the engine (1 ) reaches a predetermined tempera- 
ture due to the operation of the pump (12). 

1 8. A method according to claim 1 7, wherein the engine 
starting unit is actuated upon detection that an op- 
erating amount of an accelerator pedal is equal to 
or greater than a threshold value before the cooling 
water in the engine (1) reaches the predetermined 
temperature. 

19. A method according to claim 17 or claim 18, wherein 
the engine starting unit is actuated upon detection 
that a state of charge of the battery (9) is equal to 
or less than a predetermined threshold value before 
the cooling water in the engine (1 ) reaches the pre- 
determined temperature. 

20. A method according to claim 1 4, wherein the engine 
starting unit is actuated upon an elapse of a prede- 
termined time period that is estimated to be required 
for the cooling water in the engine (1) to reach a 
predetermined temperature due to the operation of 
the pump (12). 

21 . A method according to claim 20, wherein the engine 
starting unit is actuated upon detection that an op- 
erating amount of an accelerator pedal is equal to 
or greater than a threshold value before the elapse 
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of the predetermined time period that is estimated 
to be required for the cooling water in the engine (1 ) 
to reach the predetermined temperature due to the 
operation of the pump (12). 

5 

22. A method according to claim 20, wherein the engine 
starting unit is actuated upon detection that a state 
of charge of the battery (9) is equal to or less than 
a predetermined threshold value before the elapse 

of the predetermined time period that is estimated 10 
to be required for the cooling water in the engine (1 ) 
to reach the predetermined temperature due to the 
operation of the pump (12). 

23. A method according to claim 14, wherein the engine is 
starting unit is actuated upon detection that a state 

of charge of the battery (9) is equal to or less than 
a predetermined threshold value before the elapse 
of the predetermined time period that is estimated 
to be required for the cooling water in the engine (1 ) ?<> 
to reach the predetermined temperature. 

24. A method according to any one of claims 14, 15, 
and 16, wherein the operation of the pump (12) to 

be performed is cancelled prior to actuating the en- 25 
gine starting unit when a state in which a tempera- 
ture of the cooling water in the engine (1) does not 
reach a predetermined temperature repeats a pre- 
determined number of cycles after an elapse of the 
predetermined time period that is estimated to be 30 
required for the cooling water to reach the predeter- 
mined temperature. 



35 
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